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The reactions produced in animals by the injection of Gram-negative  bac- 
terial endotoxins fall into three general categories.  A local reaction may be pro- 
duced by the injection of one of these materials intradermally or into certain 
other tissues, whereupon there ensues a delayed inflammatory reaction which 
reaches maximal intensity in approximately 24 hours and then slowly subsides 
(1-3). Intravenous, intrathecal,  or intraperitoneal  injections of endotoxins re- 
sult  in systemic reactions,  usually characterized  by fever, leukopenia,  and  a 
more or less severe degree of shock which may terminate fatally (3). During 
the course of such a systemic reaction, there may occur focal reactions, typified 
by the  Shwartzman  phenomenon  (1)  and  by the  hemorrhage  and  necrosis 
often observed in infected tissue sites and tumors (1, 3). 
These effects of endotoxins bear a  superficial  resemblance to the classical 
"local, systemic and focal" reactions of bacterial hypersensitivity (4). In order 
to provide a  basis for more critical appraisal of this similarity,  the reactions 
to endotoxin have been reexamined and compared, under similar experimental 
conditions, with the reactions of the hypersensitive animal  to the sensitizing 
antigen. 
Materials  and  Methods 
Rabbits.--The rabbits  employed in all experiments were young albino hybrid  males and 
females, each weighing approximately 1.2 kilos when received from the commercial breeder. 
They were housed  in cages containing 3  to 5  animals and  were allowed water and  Purina 
rabbit pellets ad I/b. 
Endotox/~.--Meningococcal "agar washings" were prepared  by a method previously de- 
scribed (6). A purified preparation of the somatic antigen of Shigdla paradysenteriae  was kindly 
supplied by Dr. Walther Goebei. 
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BCG Vaccine.--A culture of the "Phipps" strain of BCG bacilli was obtained from Dr. 
Gardner Middlebrook, and was maintained by passage on Petragnani agar slants. For prep- 
axation of the vaccine, fresh bacilli were scraped from the slants, weighed, and gently emul- 
sifted in physiologic saline solution to make s  suspension containing 5 rag.  (wet weight)  of 
bacilli  per ml. Each animal to be vaccinated received 0.5 ml. of this suspension subcutaneonsly 
in the fight fl~nk and a similar amount in the left flank. 
Stecptococcal Vacdne.NThe organisms  from a  liter of a  16 hour  "trypticase-soy" broth 
culture of a Group A Type 3 streptococcus were collected by centrifugation and washed three 
times in physiologic saline solution. The vaccine was prepared by suspending these organisms 
in physiologic saline solution and heating at 65°C. for 1 hour, after which "merthiolate" was 
added to a final concentration of 1:5000. Each milliliter of the vaccine contained the organ- 
isms from 20 ml. of the original  culture. The vaccine was stored at 4°C. and its sterility  checked 
periodically. 
Tubceculin.--Lilly's "old tuberculin, human, concentrated" was appropriately  diluted with 
physiologic saline solution immediately before use. Dosages used are expressed as mm~grams 
of "old tuberculin", the commercial material being considered as containing 1000 rag. tuber- 
culin per ml. 
EXPEI~NTAL 
I.  Similarities in the Local Reactions  to Tuberculin and Endotoxins in Rabbits 
It is well known that the cutaneous reactions both to tuberculin (7) and to 
endotoxins  (1--3)  are  characteristically delayed, appearing  in  the  gross only 
after several hours and reaching maximal intensity at about 24 hours. In the 
course of reexamination of the character of these reactions, further similarities 
appeared. 
The Occurrence of Primary Hemorrhagic. Necrosis.raThe character of the skin 
lesion resulting from the intrademml injection of tuberculin in hypersensitive 
animals appears  to  depend  somewhat  on  the  size of the  dose of tuberculin, 
small  amounts  producing  only  erythema  and  induration  while  larger  doses 
may cause a  reaction in which marked necrosis and hemorrhage appear, sev- 
eral hours after the injection (7). A  similar situation has been reported to ob- 
tain with respect to the reactions of normal rabbits to meningococcal endotoxin 
(1)  although  the  occurrence  of  well marked  hemorrhagic  necrotic reactions 
was rare. In the present study, the meningococcal endotoxin preparations used 
were of high potency, as judged by titration of their ability to elicit the Shwartz- 
man phenomenon,  and were able to elicit primary hemorrhagic necrotic reac- 
tions upon intradermal injection in approximately half of the rabbits tested. 
In a representative experiment,  serial dilutions of meningococcal agax washings were in- 
jected intradermally  in 15 rabbits, each animal receiving 0.2 ml. of undiluted endotoxin in the 
right upper abdominal quadrant and similar injections of 1:5, 1:25, and 1:125 dilutions in 
the left upper, right lower, and left lower quadrants, respectively.  The appearance of each 
skin test site was recorded  after 24 hours,  at  which  time  primary hemorrhagic  necrotic 
lesions were observed at the sites of injection of undiluted agar washings in 7 of the 15 rabbits. 
The results of these skin tests appear in Table L 
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jected intradermally, the resulting reactions were characterized by mild edema, 
erythema, and induration, visible within 6 to 12 hours and progressing to reach 
maximum size  and  intensity at  about  24 hours.  Central  pallor or blanching 
was frequently seen at this time, as in the positive tuberculin reaction. These 
reactions then subsided  slowly, and hemorrhage and necrosis were never ob- 
TABLE I 
The Occurrence of Primary Hemorrhagic  Necrosis  FoUo'~ng a Single Intradermal  Injecgon of 
Meningococcal  Endotoxin,  and  Its  Rdationship  to  Susceptibility  to  the  Shwartzman 
Phenomenon 
Primary hemorrhage  at 24 hrs. 
Rabbit 
No. 
1/1 
4.49  ++++ 
4-52  +++ 
4-57  ++++ 
4-58  +++ 
4-61  ++++ 
4-64  +++ 
4-66  ++++ 
4-51  0 
4-53  o 
4-54  o 
4-59  0 
4-60  0 
4-62  o 
4-63  0 
4-65  o 
Dilution of sgar washings* 
1/5  I  1/25  1/125 
[ 
o  o  o 
o  o  o 
o  o  o 
Shwartamum phenomenon  after intravenous challenger 
Dilution of agar washings* 
tit 
(++++) 
(++++) 
t/5 
+++ 
++++ 
(Dead) 
1/25 
++ 
+++ 
1/12s 
++ 
+ 
++ 
0 
+ 
o 
o 
o 
o 
o 
o 
o 
o 
o 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o  (++++) 
o  (++++) 
o  (++++) 
o  (++++) 
o  ++++ 
0  ++++ 
0  ++++ 
o  +++ 
o  ++++ 
o  ++ 
o  +++ 
o  ++++ 
++++ 
++++ 
++++ 
++++ 
+ 
+ 
++ 
+++ 
++++ 
+++ 
+++ 
++++ 
++++  ++++ 
++++  +++ 
++++  ++++ 
++++  +++ 
o  o 
0  o 
o  0 
+++  o 
++++  ++++ 
+  o 
+  0 
+++  o 
O, no hemorrhagic reaction.  +, scattered petechiae.  ++,  numerous petechiae, purpura. 
+++,  confluent hemorrhage and necrosis,  less than 15 ram. in greatest diameter. ++++, 
confluent hemorrhage and necrosis,  15 ram. or more in greatest diameter. 
The rabbits have been arbitrarily grouped in the table according to the presence or absence 
of primary hemorrhagic necrosis. 
* Refers to dilutions used in making intradermal injections. 
~/Readings made 6 hours after intravenous challenge. 
served  to  occur in  such  areas  unless  an  intravenous  injection  of endotoxin 
were given to elicit the Shwartzman phenomenon. However, when more con- 
centrated solutions of agar washings were used, the skin reactions often showed 
further evidence of tissue damage, as indicated in Table I. This began, usually 
between the 18th and 24th hour after the intradermal injection, with the ap- 
pearance of petechiae or purpuric hemorrhage in the center of the inflammatory 
reaction and frequently progressed over a period of several hours, with the ul- 
timate formation of a  deep purplish  black area  of confluent hemorrhage and 424  MECHANISM  OF THE S~ARTZ]~kN  PW'F.NOMENON 
necrosis. It was not possible to dearly distinguish these primary lesions, either 
in the gross or histologically,  from the typical  lesion  of the Shwartzman phe- 
nomenon, although in the latter  case  the hemorrhage most commonly occupies 
the entire  area of local  inflammation, while the lesions  described above tended 
to be smaller and to involve only the central  portion of the inflamed area. 
Histologically,  the components of the cellular  infiltrate  in the primary reac- 
tions to endotoxin appeared to depend, to some extent,  on the severity  of the 
reaction.  With marked reactions,  due to large  doses of endotoxin, the infiltrate 
at 18 hours consisted primarily of polymorphonuclear  leucocytes, and those 
in the central portions of the lesions showed more or less severe degenerative 
changes. With smaller doses of endotoxin, however, it was apparent that mono- 
nuclear cells were also present in large numbers, particularly about the periph- 
ery of the lesion. These cells were tentatively identified  as reticulum cells or 
young plasma cells. Although direct quantitation of the cellular elements was 
not accomplished, the presence of considerable numbers of these cells seemed 
to be a consistent finding, perhaps of significance in the light of Laporte's (8) 
report implicating  mononuclear  cells in the characteristic  cellular response of 
the tuberculin reaction. 
It seemed of interest to determine whether the occurrence of primary hemor- 
rhagic necrosis in some rabbits and not in others might be related to the well 
known variation in susceptibility of rabbits to the Shwartzman phenomenon. 
To this end, the rabbits of the preceding experiment were challenged for the 
Shwartzman phenomenon by the intravenous injection of  2.0 ml. of a  1:80 
dilution of the agar washings given 26 hours after the intradermal test injec- 
tions.  The results of this experiment  are included  in Table I, and it will be 
seen that the Shwartzman phenomenon was elicited at sites prepared with the 
highest dilution of endotoxin in all the animals exhibiting  primary hemor- 
rhagic necrosis. Most of the animals which failed to develop primary hemor- 
rhagic necrosis  developed  Shwartzman reactions  only at skin sites prepared 
with lower dilutions of endotoxin.  Similar results were obtained in other ex- 
periments with meningococcal agar washings and with the purified Sh. para- 
dysenterlae somatic antigen. 
The Effect of Local Re,  injection of Tuberculin and Endotoxins.--Another point 
of similarity between the tuberculin reaction and the cutaneous reaction to 
bacterial endotoxins was found in the effect of repeated intradermal injections 
into the same  skin area. Although Shwartzman (1)  did not observe  the de- 
velopment of hemorrhagic  necrosis in skin areas injected with agar washings 
and subjected in 24 hours to a second intradermal injection in the same area, 
Ogata (9) reported that positive reactions  could be obtained if the second in- 
jection consisted of a massive subcutaneous dose. In the present study, it was 
found that hemorrhagic  necrosis could be elicited in virtually all the test ani- 
mals by giving a second intradermal injection, provided endotoxin preparations CHANDLER  A. STETSON~  J~.  425 
of sufficient potency were used. It was, of course, necessary to use amounts of 
endotoxin which  were not sufficient in themselves  to cause primary hemor- 
rhage and necrosis. The reactions  obtained were similar in appearance in the 
gross and histologically to the typical lesions of the Shwartzman phenomenon, 
occurring  within 2  to 3  hours after the second  intradermal injection,  while 
control  sites reinjected with broth or physiological  saline solution  remained 
negative. 
It was found that skin lesions similar to those described  above could also 
be produced by the reinjection  of tuberculin into 24 hour old tuberculin reac- 
tions in rabbits vaccinated 3 weeks previously with BCG. In these experiments, 
the degree of hypersensitivity attained by the test rabbits was such that pri- 
mary hemorrhagic  necrotic reactions were never observed with skin test doses 
of 100 rag. of tuberculin or less. The response  to 20 or 50 rag. of tuberculin 
consisted of erythema and induration, maximal at about 24 hours in the gross. 
Reinjection of 20 to 50 nag. of tuberculin into this area of local inflammation 
resulted in a  marked intensification  of the reaction,  with the appearance  of 
petechiae and hemorrhage within 2 to 4 hours.  It is of some interest that this 
phenomenon is operationally analogous to the "double intradermal test" used 
for tuberculin testing of cattle (10). 
The Effect  of Epinephrine on the Local Reactions Induced by Endotoxins and 
Tuberculin.--It was found that areas of local inflammation induced either by 
the intradermal injection of meningococcal endotoxin in normal rabbits or by 
the intradermal injection of tuberculin in BCG-vaccinated rabbits exhibited a 
marked response  to local infiltration with epinephrine.  In each  case, the in- 
jection of 0.5 to 1.0 ml. of epinephrine  (1:1000)  into and around the inflamed 
area was followed by the development, within a few hours, of pronounced hem- 
orrhage  and necrosis. The same amount of epinephrine  injected into normal 
control  skin areas or into areas of inflammation produced  by the injection of 
glycogen  solutions  or sterile  broth produced  no visible  tissue  reaction other 
than a transient blanching. 
The hemorrhagic necrotic lesions produced in this manner resembled typical 
lesions of the Shwartzman phenomenon in the gross; histologically there was 
evidence  of leucocyte-platelet  thrombosis  of capillaries  and  small  veins,  as 
previously described in the skin lesions of the Arthus (5) and Shwartzman (11) 
phenomena. The mechanism by which  epinephrine  produced  these  striking 
morphologic alterations is not dear, but it seems reasonable  to assume that 
the local ischemia resulting from the vasoconstriction  produced  by this drug 
was of primary importance. 
The occurrence of profound cutaneous vasoconstriction  following systemic 
challenge with endotoxin will be discussed in a subsequent  section. It is pos- 
sible that in the classic Shwartzman phenomenon this vasoconstriction  plays 
an essential role in determining the severe local tissue damage, and that local 426  MECHANISM  OF  THE  SHWARTZMAN  PHENOMENON 
injections  of epinephrine  as described  above may mimic this phase of endo- 
toxin action. 
Reactions  to Intracorneat  Injections of Tuberculin  and Endotoxins.--The oc- 
currence of delayed inflammatory reactions in the avaseular cornea of animals 
subjected  to intracorneal injection of an antigen has been considered evidence 
for the existence  of "tuberculin-type" hypersensitivity to  the antigen used 
(7, 12). Rich and Foilis (13) used this reaction as a point of differentiation be- 
tween the Arthus and tuberculin types of hypersensitivity, the reaction of 
the avaseular cornea to tuberculin being taken as evidence for the cellular na- 
ture of the hypersensitivity. 
In the present investigation, corneal tests were performed on normal rabbits by the in- 
jection into the center of the cornea of 0.1 ml. amounts of various dilutions of Sterile menin- 
gococcal agar washings. In each rabbit the opposite cornea was injected with sterile physio- 
logical saline solution in order to control the effects of trauma or possible infection. Both eyes 
were observed at intervals during the  1st day,  and at  daily intervals thereafter until any 
reactions had subsided. 
It was found that marked reactions occurred in corneas injected with endo- 
toxin in dilutions as high as 1:100,  while no reactions  other than transitory 
hyperemia were observed  in any control eyes. The positive reactions in the 
eyes injected with endotoxin consisted of the gradual development of clouding 
of the cornea, often progressing for 2 or 3 days with eventual paunus formation. 
The reactions were ordinarily visible within 12 hours but were not pronounced 
until 24 to 48 hours after the injections. Similar results were obtained with the 
purified  somatic antigen of Sh. paradysenteriae, injected in doses as small as 
10 ~g. 
H.  Similarities in the Systemic Reactions to Endotoxin Preparations 
and Tuberculin in Rabbits 
One of the more constant and reproducible  effects produced in rabbits by 
the intravenous injection of endotoxin preparations is fever (3). This "pyro- 
genic reaction" usually begins within an hour after the injection,  reaches its 
maximum at approximately 3 hours, and then subsides rapidly. Severe leuco- 
penia is likewise a characteristic feature of the systemic reaction to endotoxins 
(3, 11). 
In the present study, leucopenia  and fever also occurred  following the in- 
travenous injection of tuberculin in rabbits  rendered  hypersensitive to this 
material, while normal rabbits failed to respond to tuberculin in this manner. 
Text-fig.  1 illustrates the temperature records  of normal rabbits injected in- 
travenously with 50 rag. of old tuberculin, and the lack of any significant effect 
is apparent. Also shown in Text-fig. 1 are data obtained following the injection 
of 50 rag. of old tuberculin in rabbits rendered hypersensitive by the inocula- CHANDLER  A.  STETSON~  31.  427 
A.  Irffravenous  Injection  of Tuberculin 
--  Sensitized  Robbits 
.....  Normal  Rabbits 
107 
I05 
"~o  104 
,P  102  ~'"  ~  ~"-. 
I01 
t..  .!  0  I  2  3  4.  5  :3 
¢-  B.  InJcravenous  Injection of Endotoxin  o  ¢L 
E  --  Normal  Rabbits  O. 
.~  107 
u  106 
Io5 
IO4 
I03 
102 
I 
I 
101 
-!  0  I  2  3  4  5 
HOURS  AFTER  INJECTION 
TExT-FIG.  1.  The febrile response to injections of tuberculin and endotoxin in rabbits. 
(A) The broken lines indicate the rectal temperatures of 4 normal rabbits, each given 50 mg. 
"old tuberculin" intravenously. The soUd lines indicate the temperatures of 4 rabbits receiv- 
ing similar injections 3 weeks after vaccination with BCG. (B) The rectal temperatures of 4 
normal rabbits recdving intravenous injections of 2.0 ml. of a 1/160 dilution of meningococcal 
agar washings are shown. 
tion,  3  weeks previously, of 5  rag.  of BCG vaccine intradermally,  and,  for 
comparison,  temperature  records  of  the  febrile  response  to  meningococcal 
endotoxin.  The febrile responses  to  endotoxin  and  tuberculin  were constant 
and reproducible, and the similarity in the shapes of the respective curves is 
noteworthy. Total and differential leucocyte counts performed on the rabbits 
at intervals during the febrile response to tuberculin indicated the presence of 428  MECHANISM  OF  THE  SHWARTZMAN  PHENOMENON 
a  transitory neutrophilic leucopenia similar  in time of onset and in duration 
to that observed following the injection of meningococcal  endotoxin (11). 
The results of this and similar  experiments indicated that the characteristic 
febrile and  leucopenic reaction  following  injections of endotoxin in  normal 
rabbits has a  counterpart  in the reaction of the hypersensitive animal to in- 
jections of tuberculin.  It is not possible to evaluate the significance  of this 
correlation at the present time, as the basic mechanisms underlying the pro- 
duction of fever and leucopenia by either  tuberculin  or bacterial  endotoxin 
have not as yet been defined. The data do, however, furnish another point of 
similarity between the effects of endotoxins and those of specific antigens in 
classical hypersensitivity of the delayed type. 
Another effect of intravenously injected endotoxin is a profound vasomotor 
disturbance involving  peripheral cutaneous vessels. This may be well seen in 
the shaved rabbit's ear, transilluminated,  and observed at low magnification. 
The changes have been studied and described by Boquet et d. (14), and con- 
sist, in brief, of severe vasoconstriction involving the larger arterial branches 
as well as the arterioles.  In our own experience,  this vasoconstriction begins 
between 5 and 10 minutes after the injection of endotoxin and persists for 30 
minutes or longer.  During  this  time the ears appear  pale and  their  surface 
temperature falls nearly to that of the room air.  Segmental "vasomotion" is 
prominent  during  the early and late stages of this phenomenon,  but durin~ 
most of this period a  nearly obliterative vasoconstriction is present,  and the 
great decrease in cutaneous blood flow is manifested by the virtual  lack of 
bleeding from tissue or even vessels cut at this time (Fig.  1). 
Several features of this phenomenon  strongly resemble those observed by 
McMaster and Kruse in the ear of the mouse undergoing active or passive 
anaphylaxis  (15)  and by Abell  and Schenk (16)  in transparent  ear chamber 
experiments.  One notable point of differentiation between the  "ear vascular 
reactions" described by the former authors (15) and the phenomena produced 
by endotoxins,  however, is that  the former usually appeared within  1 or  2 
minutes and lasted for only a  comparatively short time. This difference  is of 
some interest in view of the somewhat analogous situation which obtains with 
respect to the leucopenia of anaphylaxis, which appears and disappears much 
more rapidly than that due to endotoxin (5, 11). 
It was next of interest to examine the ears of rabbits rendered hypersensitive 
to tuberculin, to determine whether similar  changes might be observed follow- 
ing the intravenous injection of tuberculin. Rabbits previously vaccinated with 
BCG,  and  showing  strong  cutaneous hypersensitivity  to  skin  test  doses of 
tuberculin,  were given intravenous injections of 50 to 100 rag.  of tuberculin 
and the ear vessels examined as above. In most of these animals,  dramatic 
changes in the caliber of the major and minor branches of the central artery 
of the ear were seen, and these were similar  in nature, in degree,  and in time 
of onset and duration to those described as occurring  after injections of endo- CHANDLER A.  STETSON, 31.  429 
toxin. No such reactions were observed after injections of tuberculin in normal 
rabbits. 
IlL  Production  of tl~ Shwar~man Pl~nonwnon  in Specifically  Hyp~ts~'t'tive 
Rabbits 
In these experiments, rabbits were inoculated intradermally with BCG vac- 
cine, in a single dose of approximately 5 rag. of moist bacilli. Hypersensitivity 
to tuberculin, manifested by typical positive Mantoux tests, developed in a 
high percentage of these animals within the ensuing 3 weeks. The positive skin 
TABLE II 
Preparation for the Shwartzman Phenomenon by Tuberculin in BCG-Vazcinated Rabbits 
Test animals 
BCG-vaccinated rabbits 
Rabbit No. 
5-45 
5-46 
6-31 
6-32 
Size of local inflam- 
matoryreaction to 
10mg. of tuberculin* 
3X 5cm. 
4X 5cm. 
2 X 2cm. 
3 XScm. 
Shwartzmanphenome- 
non elicited by ehafienge 
with menlngococcal 
endotoxin~ 
++++ 
++++ 
++++ 
++++ 
Normal rabbits 
6-33 
6.25 
6-26 
6-27 
6-28 
6-29 
3X3 Cm.  ++ 
* Numbers refer to least and greatest diameters  of areas of induration. 
~: Readings  made 5 hours after intravenous  challenging  injection. 
reactions, dicited by the intradermal  injection of  from 1 to  10 mg. of old 
tuberculin, characteristically appeared within a  few hours and were maximal 
at approximately 24 hours. These reactions closely resembled in size and ap- 
pearance and in histologic character those produced in normal rabbits by the 
intradermsl injection of endotoxin preparations. 
As shown in Table II, which contains the results of a  typical experiment, 
the sites of such positive skin reactions were prepared  for the Shwartzman 
phenomenon, as judged by the  appearance  of typical hemorrhagic necrosis 
within 2 to 4 hours after a challenging intravenous injection of meningococcal 
agar washings. The injection of similar amounts of tuberculin intradermally 
in normal rabbits was followed by no visible inflammatory reaction, and the 
sites of such injections failed to show any hemorrhagic or necrotic changes 
following a  subsequent intravenous injection of endotoxin. Somewhat similar 
findings were reported by Freund (17),  using tuberculous guinea pigs. 
The hemorrhagic and necrotic skin lesions obtained in this fashion showed 430  MECHANISM  O]~  THE  SHWARTZMAN  pHENOMENON 
all  the typical gross  and  histopathologic changes characteristic  of the usual 
Shwartzman  reaction.  In further experiments,  results similar  to those shown 
in Table II were obtained when, instead of using tuberculin as the skin prepar- 
atory material,  intradermal  injections  of  a  suspension of whole heat-killed 
human  tubercle bacilli were made in BCG-sensitized rabbits.  The  resulting 
inflammatory reaction was maximal, as in the case of the reaction to tuberculin, 
at about 24 hours. An intravenous injection of meningococcal  agar washings 
given at the height of this local reaction to the tubercle bacilli elicited within 
4 hours the characteristic hemorrhage  and  necrosis  of the Shwartzman  phe- 
nomenon. 
It appeared from the results of these experiments that areas of skin involved 
in the typical delayed local  inflammatory reaction of tuberculin hypersensi- 
tivity were also prepared for the Shwartzman  phenomenon.  Some caution is 
nesessary in the interpretation of this finding, however, in view of the reported 
capacity of local antigen-antibody interaction of the Arthus type to prepare 
the skin for the Shwartzman phenomenon (I). Although it is possible that cir- 
culating antibody directed against some component of the complex antigenic 
mixtures may have been involved in the observed reactions, the delayed char- 
acter of the dermal response to tuberculin and tubercle bacilli  in the present 
experiments suggests that delayed hypersensitivity was an essential feature of 
the phenomenon. 
It was next considered  of interest to determine whether intravenous injec- 
tions of tuberculin would serve as "challenging" or "provocative" stimuli for 
the Shwartzman  phenomenon in normal  or hypersensitive rabbits.  In Table 
III are presented the results of an experiment in which intradermal  injections 
of meningococcal  agar washings were made in BCG-sensitized and in control 
unvaccinated  animals.  After 24 hours,  intravenous  injections of 200  rag.  of 
tuberculin were given to each animal Hemorrhagic necrotic lesions typical of 
the Shwartzman phenomenon appeared within 2 to 4 hours in the hypersensi- 
tive vaccinated animals and not in the normal controls. In further experiments, 
it was found that the Shwartzman phenomenon could be produced with tuber- 
culin serving as both the skin-preparing  and challenging material, in BCG-sensi- 
tized animals  (Fig.  2). Skin sites prepared 24 hours earlier by the intradermal 
injection of 10 rag. old tuberculin, and exhibiting a delayed edematous and ery- 
thematous reaction, showed hemorrhage and necrosis within 4 hours after the 
intravenous injection of 200 nag. tuberculin, (Table III). As indicated in a pre- 
vious section, intravenous injections of tuberculin in hypersensitive animals are 
foUowed by leucopenia,  fever, and peripheral vasomotor alterations, resembling 
in those respects injections of endotoxin. The data in Table HI indicate that 
in addition to these superficial points of resemblance, intravenous injections of 
tuberculin in hypersensitive animals  produce another effect characteristic of 
endotoxins,  namely, the elicitation of the Shw~rtzman phenomenon. CHANDLER  A.  STETSON,  JR,  431 
It should be pointed out that the amounts of tuberculin required in these 
and other experiments to produce "preparation" of skin areas and "provoca- 
tion" of the Shwartzman phenomenon in hypersensitive rabbits are large with 
respect to the amounts of this material required to elicit dermal and systemic 
reactions in the hypersensitive human subject. This may be an expression of 
TABLE  III 
Elidtation of Skwart~ma~  Pkenomenon by Inbravenou~ Injection of Tuborculin  is 
BCG- Vaccinated Rabbits 
Challenging 
Test animals  injection  Shwar  tzraan 
(intravenous)  ~henomenon 
BCG-vaccinated rabbits 
Normal rabbits 
Prel~ratory 
Rabbit No.  injection 
(intr~dermal) 
8-31  Endotoxin* 
8-32  " 
8-33  " 
8-35  " 
8-36  Tuberculin§ 
8-39  ,4 
8-41  " 
8-44 
8-06  Endotoxin* 
8-07  " 
8-08  " 
8-09  " 
8-10  Tuberculin§ 
8-11  ,4 
8-12  " 
8-13  " 
* 0.2 ml. of 1/5 dilution of meningococcal agar washings. 
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the relatively low degree of hypersensitivity to tuberculin ordinarily attained 
by rabbits, especially with attenuated tubercle bacilli (7). 
The ability of intravenously injected tuberculin to elicit the Shwartzman 
phenomenon is not in itself particularly noteworthy, in view of the wide variety 
of apparently unrelated materials which have previously been shown to possess 
this capacity (3).  However, it is significant that this effect of tuberculin was 
not demonstrable in normal rabbits, but rather appeared to be associated with 
the hypersensitivity produced by inoculation of the animals with BCG vaccine. 
Although serologic tests were not performed, it is probable that all the BCG- 
vaccinated animals possessed  circulating antibodies  to  tuberculopolysaccha- 432  MECHANISM  OF  THE  SHWARTZI~2q  PHENOMENON 
rides and other components of the tubercle bacilli.  It has previously been re- 
ported that in vivo reactions involving antigen and circulating  antibody may 
serve to elicit the Shwartzman phenomenon (1, 5', 11) but it is noteworthy that 
the systemic effects of antigen-antibody interaction (leucopenia,  thrombocyto- 
penia, elicitation of the Shwartzman phenomenon) appear and disappear much 
more rapidly than the corresponding  effects produced by endotoxins. If some 
systemic antigen-antibody reaction had been responsible  for the Shwartzman 
phenomenon-producing  effect of tuberculin,  it  would be expected  that  the 
hemorrhagic necrosis would have appeared within 30 minutes (10) rather than 
several hours later. In this respect, then, the effect of tuberculin resembled that 
of endotoxins,  rather  than  that  of antigen-antibody mixtures,  and  it  would 
thus appear likely that the observed biological activity of tuberculin in BCG- 
sensitized  rabbits is referable to hypersensitivity of the delayed or tuberculin 
type, rather than  to circulating  antibody. The data presented in this report 
do not exclude  the latter possibility, however, and  it  should receive further 
attention. 
In another experimental model, cutaneous hypersensitivity of the tuberculin 
type appears  to  be involved in  the  Shwartzman  phenomenon.  Derick  and 
Swift  (18)  showed that  rabbits  subjected to intradermal  injections of non- 
hemolytic streptococci developed corneal,  systemic, and cutaneous hypersen- 
sitivity of the tuberculin type. Kahn  (19) obtained somewhat similar  results 
with hemolytic streptococci, and  was furthermore  able to demonstrate  that 
areas of skin involved in this hypersensitive response developed local hemor- 
rhagic necrosis following intravenous challenging injections of the streptococcal 
vaccine used for the  sensitizing  and skin-testing injections. 
In the present investigation, normal rabbits were skin-tested by the intra- 
dermal  injection  of falling  dilutions  of a  heat-killed  Group A  streptococcal 
vaccine. Each rabbit received four simultaneous injections, consisting  of 0.1 
ml. amounts of 10  -~, 10-L 10  --3, and 10  -4 dilutions in physiologic  saline. Small 
nodular lesions,  with erythema of the overlying epidermis,  developed within 
24 hours at the sites of injection of the two lowest dilutions of vaccine in nearly 
all the rabbits tested. These lesions were not over 0.5 cm. in greatest diameter, 
and the adjacent skin was normal in appearance. After 10 to 14 days, the ani- 
mals  were again  tested  in  the  same manner.  An  exaggerated  response  was 
observed, with reactions occurring  even at the sites of injection of the highest 
vaccine  dilution,  in  approximately  one-third  of  the  test  animals.  Nodular 
thickenings again occurred, but the local inflammatory reactions at the sites 
of injection of the lower dilutions  of vaccine were larger  and  more intense, 
with well marked edema, erythema, and induration of the skin adjacent to the 
nodule marking  the site of the injection. Upon intravenous injections of me- 
ningococcal  agar washings  at the height of these local reactions,  hemorrhage 
and necrosis  characteristic of the Shwartzman phenomenon occurred in some 
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Delayed local |nflammgtory reactions were also produced in rabbits, sensi- 
tized to streptococci as above, by the intradermal injection of a crude extract 
prepared from homologous streptococcal ceils by the method of Moen  (20). 
This extract, which produced no visible skin reaction in normal rabbits, served 
to prepare the skin for the Shwartzman phenomenon in sensitized  rabbits, and 
the hemorrhagic necrotic lesions produced were larger and more characteristic 
than  those  produced  by the  vaccine  itself  in  equivalent amounts, perhaps 
owing to the more ready diffusion  of the extract from the point of intrader- 
real injection with resultant involvement of larger areas of skin. 
Negative results were obtained in experiments in which the sensitizing  in- 
jections of streptococcal vaccine were given intravenously,  instead of intra- 
dermaUy.  Swift and Derick (21) have pointed out that this route of adminis- 
tration  is ineffective in  establishing a  state of bacterial  hypersensitivity,  as 
compared with the intracutaneous route. The failure  of rabbits so treated to 
develop exaggerated dermal responses to subsequent skin tests, or to develop 
the Shwartzman phenomenon at such sites,  is consistent with the hypothesis 
that bacterial allergy played a role in the phenomena described above. 
DISCUSSION 
In the present study, it has been demonstrated that many of the effects of 
Gram-negative bacterial endotoxins in normal rabbits have much in common 
with those of tuberculin in the specifically hypersensitive rabbit. In each case, 
intradermal  injection of the test material results in a delayed local inflamma- 
tory reaction,  and  areas of skin so involved appear  to  be prepared  for the 
Shwartzman phenomenon. In each case, delayed positive local reactions result 
from intracorneal inoculation.  In each case,  intravenous injection of the test 
material  produces  a  systemic  reaction  characterized  by  fever,  leucopenia, 
peripheral vasomotor reactions and, with larger doses, prostration and death. 
In each case, intravenous injection of sublethal amounts of the test material 
serves to elicit the Shwartzman phenomenon in skin areas previously prepared 
by the intradermal injection of homologous or heterologous bacterial products. 
It should be pointed out that none of these correlations can be taken,  by 
itself,  as evidence for the identity or similarity of the underlying mechanisms 
involved,  as  each  of  the  phenomena  studied  almost  certainly  represents  a 
derivative rather than a primary effect of the material used. Also, dermal and 
corneal lesions and certain other of the described effects can be reproduced by 
proteolytic enzymes, diphtheria  toxin,  and  other materials  which owe their 
biological activities to diverse modes of action. However, none of these materials 
other than endotoxins are capable of preparing  the skin  for the Shwartzman 
phenomenon  (1)  or  of  eli¢iting  the  peculiar  combination  of effects  seen  in 
systemic "endotoxin shock" (3). In the present study, it was not the closeness 
of any  individual  correlation,  but rather  the  consistency found  throughout 
all  the  comparisons,  which  seemed significant.  The  reactions of  the normal 434  MECHANISN[  OF  THE  SHWARTZMAN  PHENOMENON 
rabbit to endotoxins were generally so like those of the hypersensitive animals 
to  injections  of  the  specific  antigen,  that  the  hypothesis is  advanced  that 
some basic mechanism may be common to both experimental models.  If this 
latter interpretation  be correct, then the possibility must be seriously consid- 
ered that "normal" rabbits possess tuberculin-type hypersensitivity to Gram- 
negative bacterial somatic antigens, or endotoxins. 
Such hypersensitivity would presumably reflect some previous experience with 
these antigens; it might be expected that newborn rabbits would not be sus- 
ceptible to endotoxins, and that susceptibility would be acquired during adoles- 
cence or maturity, perhaps as a result of enteric or respiratory tract infections 
with Gram-negative organisms.  It has been reported that newborn rabbits are 
refractory to the Shwartzman phenomenon (22), and that there is a correlation 
between the aging  of rabbits and susceptibility to the Shwartzman phenome- 
non (23). 
However, in the present study, it was found that typical Shwartzman phe- 
nomena could be produced in newborn rabbits provided large doses of potent 
meningococcal  endotoxin were employed (Fig.  3).  It would thus appear that 
if bacterial hypersensitivity is involved in the reactions of rabbits to endotoxins, 
this hypersensitivity is probably not acquired. It is possible that there exists 
in  normal  rabbits  a  "natural  hypersensitivity,"  analogous  to  the  "natural 
antibodies" (10), to Gram-negative bacterial somatic antigens. This possibility 
is being further explored at the present time. 
This hypothesis would explain several hitherto puzzling  aspects of the ac- 
tions of endotoxins.  For example,  the phenomenon  of acquired  tolerance to 
endotoxins (3), produced by repeated parenteral injection of sublethal doses, 
is operationally analogous to "desensitization" of a tuberculous animal by re- 
peated  injections  of tuberculin,  and  in  each  case  the  "tolerance"  develops 
rapidly, disappears soon after the course of injection is terminated, and is not 
passively transferred by serum. The "non-specificity" of endotoxins with re- 
spect to cross-reactivity in eliciting  the Shwartzman phenomenon (1, 3) may 
be related to the close chemical  and serological  relationship between somatic 
antigens of markedly differing  Gram-negative bacterial species  (10).  Certain 
animal species, including  the guinea pig and rabbit, are susceptible to the lethal 
and other effects of endotoxins,  while the mouse and rat are relatively insus- 
ceptible, and this may be related to the comparatively low degree of tuberculin 
allergy ordinarily exhibited by the latter species (7). In attempts to reproduce 
rheumatic-like  lesions  in  experimental  animals,  Murphy and  Swift  (24,  25) 
have employed the technique of giving repeated intradermal injections of Group 
A streptococci in rabbits. This procedure, which probably favors the develop- 
ment  of tuberculin-type hypersensitivity  (21)  resulted  in  the production  of 
myocardial and endocardial lesions.  In normal rabbits,  closely similar  lesions 
have been produced by Thomas et al.  (26) by the injection of meningococcal CHANDLER  A. STETSON, JR.  435 
endotoxin following the induction of acute systemic streptococcal infection. 
Common ground, in the form of a  systemic or focal hypersensitivity reaction, 
may well exist between these two operationally dissimilar experimental models. 
Certain  considerations argue  against  the  hypothesis under  discussion.  It 
has not thus far been possible to reproduce the generalized Shwartzman phe- 
nomenon  (3)  using tuberculin in the hypersensitive rabbit.  It is diificult to 
conceive of bacterial hypersensitivity as being transmitted across the placenta, 
as would be required to account for the susceptibility of newborn rabbits  to 
endotoxins. It is likewise difficult to account for the observed lethal effect of 
endotoxins on chick embryos (27) on the basis of a hypersensitivity reaction. 
It is hoped, however, that this approach may prove fruitful in a study of these 
problems relating to endotoxin action, and perhaps of others dealing with the 
broad subject of hypersensitivity. 
SI3nw~A.RY 
The  cutaneous,  ophthalmic, and  systemic reactions  of normal  rabbits  to 
Gram-negative bacterial  endotoxins have  been  compared  with  the  classical 
reactions of bacterial hypersensitivity, and  in  each  case  certain  similarities 
have been found. It has also been shown that the Shwartzman phenomenon 
can be reproduced with tuberculin, in BCG-vaccinated rabbits, and with sus- 
pensions or extracts of heat-killed Group A streptococci in rabbits previously 
sensitized to  these bacteria. 
These  considerations suggest  the  hypothesis that  the  biologic activity of 
endotoxins may be based on the existence in "normal" animals of delayed or 
tuberculin-type hypersensitivity to  these  materials. 
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EXPLANATION  OF PLATES 
PLATE 26 
FIO. 1 a. Photograph of the shaven ear of a normal rabbit, showing  central artery, 
marginal veins, and smaller branches.  X 2. 
FIo. 1 b.  Photograph  of same ear, 5 minutes after injection of 2.0  ml. of 1/160 
dilution of meningococcal  agar washings  into marginal vein of opposite ear. Severe 
constriction has almost obliterated the central artery, and many smaller branches are 
no longer visible.  X 2. 
Fio. 1 c.  Photograph  of same ear,  taken 30 minutes  after the  injection,  show- 
ing some restoration of flow.  ×  2. 
FIo. 1 d.  Photograph of same ear, taken 60 minutes after the injection, showing 
further return of blood flow. ×  2. THE  JOURNAL  OF  EXPERIMENTAL  I~fEDICINE VOL. 101  PLATE  26 
Fro.  1 
(Stetson: Mechanism of the Shwartzman phenomenon) PLATE 27 
FIG. 2.  A  skin lesion produced  by  the  intradermal injection of  tuberculin in a 
rabbit, followed  in 24 hours by an intravenous challenging injection of  tuberculin. 
The rabbit had been inoculated 3 weeks previously with BCG vaccine.  ×  1.5. 
Fro. 3.  Typical Shwartzman phenomenon in a  newborn rabbit. The intradermal 
injection of endotoxin was made 14 hours after birth, and the intraperitoneal chal- 
lenging injection was given 18 hours later.  ×  2. THE  JOURNAL  OF  EXPERIMENTAI.  MEDICINE  VOL.  101  PLATE  27 
(Stetson: Mechanism of the Shwartzman phenomenon) 